(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



01) 


EP 0 950 406 A2 


(12) 


EUROPEAN PATENT APPLICATION 


(43) Date of publication: 

20.10.1999 Bulletin 1999/42 

(21) Application number: 99101063.8 

(22) Date of filing: 25.01.1999 


(51) Intel 6: A61K 31/145 


(84) Designated Contracting States: 

(72) Inventor: Tsuji, Shoji 

AT BE CH CY DE DK ES Fi FR GB GR IE IT LI LU 

Niigata City, Niigata Pref. (JP) 

IWC NL FT SB 


Designated Extension States: 

(74) Representative: 

AL LT LV MK RO SI 

Wibbelmann, Jobst, Dr., Dipl.-Chem. 


Wuesthoff & Wuesthoff, 

(30) Priority: 26.01.1998 JP 2773998 

Patent- und Rechtsanwaite, 


Schweigerstrasse 2 

(71) Applicant: NiiGATA UNIVERSITY 

81541 Munchen (DE) 

Niigata City, Niigata Pref., (JP) 



(54) Remedy for CAG repeat expansion diseases 

(57) To elucidate the molecular mechanisms of 
"gain of toxic function" of expanded polyglutamine 
stretches in CAG repeat expansion diseases, the inven- 
tors established an expression system of full-length and 
truncated cDNAs for dentatorubral-pallidoluysian atro- 
phy (DRPLA) and found that truncated DRPLA proteins 
containing the expanded polyglutamine stretch, but not 


the full-length protein, form peri- and intra-nuclear ag- 
gregates consisting of filaments and concomitant apop- 
tosis. The apoptotic cell death was partially suppressed 
by transglutaminase inhibitors, cystamine and mon- 
odansyl cadaverine, raising the possibility of involve- 
ment of transglutaminase reaction. The results may pro- 
vide a potential basis for the development of therapeutic 
measures for CAG repeat expansion diseases. 
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Description ^ 
TECHNICAL FIELD 

5 [0001] This invention is related to a remedy for a CAG repeal expansion disease. 
BACKGROUND ART 

[0002] Expansion of CAG trinucleotide repeats coding for polyglutamlne stretches has been identified as a common 

10 pathogenic mutation for eight neurodegenerative diseases including spinal and bulbar muscular atrophy (SBI\/IA)\ 
Huntington disease (HD)2, spinocerebellar ataxia typel (SCAI)^, dentatorubral-pallidoluysian atrophy {DRPLA)^'^, 
Mac hado- Joseph disease (MJD)®, SC A27'^, SCA6''° and SCA7i\ and the number of diseases caused by the same 
mechanism is expected to increase further. There are many common features shared among these diseases; 1. The 
central nervous system is commonly affected with distinct distributions of neuronal loss, which are unique to each 

J5 disorder. 2. Considerable heterogeneities of the clinical presentations even within the same pedigree, which are a 
function; of the size of expanded CAG repeats. 3. Genetic anticipation i.e. accelerated age at onset in successive 
generations, which is also a result of intergenerational increase in the size of expanded CAG repeats. 
[0003] There are no common homologous domains shared among the gene products except tor the polyglutamlne 
stretches and the gene products of the mutant genes have been shown to be expressed at levels comparable to 

20 those of wild-type genes""^^®. These observations raise the possibility that the polyglutamine stretch itself exerts a 
"gain of toxic function". In accordance with this, transgenic mice harboring a full-length SCA1 cDNA containing an 
expanded CAG repeat under control of the L7 promoter have been shown to exhibit cerebellar ataxia and degeneration 
of Purkinje cells in the cerebellum''®. More interestingly, transgenic mice carrying mostly the expanded CAG repeat of 
the MJD1 gene^o or exon 1 of huntingtin gene containing the expanded CAG repeat^i have also been demonstrated 

25 to exhibit neurological phenotypes and neurodegeneration. Very recently it has been demonstrated that mice transgenic 
for exon 1 of the HD gene carrying expanded CAG repeats develop neuronal intranuclear inclusions^s. The toxicity of 
a peptide containing mostly the expanded polyglutamine stretch of MJD1 protein has also been demonstrated in a 
transient expression system using COS cells^o. Thus, evidence which indicates that expanded polyglutamine stretches 
have toxic functions is accumulating. 

30 [0004] Various hypotheses have been proposed to explain the mechanisms of the toxicity of expanded polyglutamine 
stretches. Perutz and the colleague proposed that polyglutamine stretches may function as polar zippers by joining 
complementary proteins through hydrogen bondings, and that extensions of the polyglutamine stretches may result in 
strong joining and aggregation of the affected proteins23.24 Another intriguing hypothesis has recently been proposed 
by Kahlem eta!.^. They proposed that proteins with expanded polyglutamine stretches may serve as better substrates 

3S for transglutaminase than wild-type proteins, and that expanded polyglutamine stretches preferentially become 
Crosslin ked with polypeptides containing lysyl groups to form covalently bonded aggregates. However, the following 
questions has not elucidated yet. 1. Do the full-length or truncated proteins with expanded polyglutamine stretches 
form aggregates and exhibit cytotoxicity? and 2. Are transglutaminases involved in the formation of aggregates or in 
cytotoxicity? Moreover, there is no information on means for alleviate the cytotoxicity of the mutant proteins. Therefore, 

40 there has been no remedy for CAG repeat expansion diseases. 

SUMMARY OF THE INVENTION 

[0005] The object of this invention is to elucidate the molecular mechanism of "gain of toxic function" caused by 
45 polyglutamine stretch at CAG repeat expansion diseases and thus to provide the therapeutic remedy for CAG repeat 
expansion diseases. That is, a CAG repeat exists on a protein coding region and encodes polyglutamine stretches. 
Increase in the size of CAG repeat causes longer polyglutamine stretch, and as the result, it comes to exhibit cytotoxicity 
Elucidation of the mechanism to cause cytotoxicity and establishment of the means to moderate cytotoxicity enable to 
develop a remedy for CAG repeat expansion disease. The object of th is invention is to develop the therapeutic measures 
50 for CAG repeat expansion diseases through such kind of approach. 

[0006] To address these questions, the inventors established an expression system of full-length and truncated cD- 
NAs for dentatorubral-pallidoluysian atrophy (DRPLA) and found that truncated DRPLA proteins containing the ex- 
panded polyglutamine stretch, but not the full-length protein, form peri- and intra-nuclear aggregates consisting of 
filaments and induce concomitant apoptosis. Moreover, formation of the aggregates was found at cerebellar dentate 
S5 nucleus of all DRPL^ patients examined. That is, the relationship between truncated DRPLA protein and DRPLA was 
found 

[0007] The effect of various transglutaminase inhibitors was examined to elucidate the involvement of transglutam- 
inase on the aggregation fornnation and apoptotic cell death. As the result, some transglutaminase inhibitors were 
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found to inhibit the aggregate formation and apoptolic cell death. Then involvement of transglutaminase on DRPLA 
was confirmed. 

[0008] The series of results revealed that transglutaminase inhibitors are available as a remedy for CAG repeat 
expansion diseases including DRPLA. In short, this invention relates to the use of transglutaminase inhibitors for treat- 
5 ing CAG repeat expansion diseases. In preferred embodiments, 

(1) A remedy for a CAG repeat expansion disease containing a transglutaminase inhibitor as its active ingredient. 

(2) The remedy as described in (1), wherein the trnasglutaminase inhibitor is selected from a group consisting of 
cyclamine and monodansyl cadaverine. 

10 (3) The remedy as described in (1 ) wherein the CAG repeat expansion disease is selected from a group consisting 

of: spinal and bulbar muscular atrophy, Huntington disease, spinocerebellar ataxia typel, dentatorubral-pallidoluy- 
sian atrophy, Machado-Joseph disease, spinocerebellar ataxia 2, spinocerebellar ataxia 6 and spinocerebellar 
ataxia 7. 

(4) The remedy as described in (2) wherein the CAG repeat expansion disease is selected from a group consisting 
15 o1: spinal and bulbar muscular atrophy, Huntington disease, spinocerebellar ataxia type!, dentatorubral-pallidoluy- 

sian atrophy, Machado-Joseph disease, spinocerebellar ataxia 2, spinocerebellar ataxia 6 and spinocerebellar 
ataxia 7. 

(5) A pharmaceutical composition for treating a CAG repeat expansion disease: comprising 

a transglutaminase inhibitor as its active ingredient, and a pharmaceutically accepted ingredients for formulation. 
20 (6) The pharmaceutical composition as described in (5), wherein the transglutaminase inhibitor is selected from a 

group consisting of cyctamine and monodansyl cadaverine. 

(7) The pharmaceutical composition as described in (5) wherein the GAG repeat expansion disease is selected 
from a group consisting of: spinal and bulbar muscular atrophy Huntington disease, spinocerebellar ataxia typel, 
dentatorubral-pallidoluysian atrophy, Machado-Joseph disease, spinocerebellar ataxia 2, spinocerebellar ataxia 

25 6 and spinocerebellar ataxia 7. 

(8) The use of a transglutaminase inhibitor for manufacturing a pharmaceutical composition for treating a CAG 
repeat expansion disease. 

(9) The use as described in (8) wherein the transglutaminase inhibitor is selected from a group consisting of 
cystamine and monodansyl cadaverine. 

30 

This invention relates to a remedy for CAG repeat expansion diseases wherein the effective ingredients are trnas- 
glutaminase inhibitors. The therapeutic target of this invention includes spinal and bulbar muscular atrophy Huntington 
disease, spinocerebellar ataxia typel, dentatorubral-pallidoluysian atrophy, Machado-Joseph disease, SCA2, SCA6 
and SCA7. 

35 [0009] There is no limitation for the effective ingredients of this invention such as cystamin or MDC, so far as they 
have inhibitory effect on trnasglutaminase activity. The remedy of this invention can be formulated by conventional 
methods, so far as trnasglutaminase inhibitors are used as its effective ingredients. Other ingredients for formulation 
includes, for example, pharmacologically accepted carriers or media such as saline, sterilized water, a plant oil, an 
emulsifier, a suspension agent and stabilizer, but the ingredients are not to be limited to them. It is possible to medicate 

40 the remedy of this invention to patients of CAG repeat expansion diseases by conventional methods such as arterial 
injection^ intravenous injection, hypodermic injection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0010] Fig. 1 shows the structures of the full-length DRPLA cDN As and truncated DRPLA cDNAs with various lengths 
of deletions. The FLAG epitopes and the polyglutamine stretches are shown by filled boxes and hatched boxes, re- 
spectively. The protein coding sequences are shown by open boxes. 

[0011] Fig. 2 shows immunocytochemical localization of full-length and truncated DRPLA proteins expressed in 
C0S7 cells. COS7 cells were mock-transf acted (a), or transfected with pEF-BOS-AFN {b), pEF-BOS-AFE (c), pEF- 

50 BOS-FQ19-1 9 (d) or pEF-BOS-FQq2-1 9 (s), followed by staining with an anti-FLAG M5 monoclonal antibody 72 hours 
after the transfection. These cells were detected by staining with rhodamine-conjugated anti-mouse Ig-G (e), or by the 
ABC method (f). These cells were stained positively in the TUNEL reaction using FITC-conju gated dUTP (g). Cells 
transfected with pEF-BOSS-AFE and pEGFP<3e2-19 were detected not only by GFP (h) but also by the anti-FLAG 
antibody (i). Percentages of cells with aggregate bodies (open box) and those stained in the TUNEL reaction among 

55 cells with aggregate bodies (filled box) are expressed as the mean + SEM (n=3) (j). 

[0012] Fig. 3 shows percentages of cells exhibiting aggregate bodies and those stained in theTUNELreactton among 
the cells with aggregate bodies. COS7 cells were transfected with pEGFP vectors containing various deletion mutants 
of DRPLA cDNA and assayed for the aggregate formation (open boxes) and the TUNEL reaction (filled boxes). The 
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values are expressed as the mean ± SEM (n=3). 

[0013] Fig. 4 shows time-dependent formation o1 aggregate bodies. COS7 cells were transfected with pEF-BOS- 
FQgg-l 9 followed by immunocytochemlcal analysis using the anti-FLAG M5 monoclonal antibody. C0S7 celts express- 
ing the FLAG epitope at 24 hours after transfection (a), 48 and 72 hours after transfection, respectively (b, c). The 
5 ratios of cells that formed aggregate bodies and showed positive TUNEL reaction at each time (d). The values are 
expressed as the mean ± SEf^ (n=3). 

[0014] Fig. 5 shows electron microscopic findings of the aggregate bodies in the COS7 cells transfected with pEF- 
BOS-FQa2-19- Immuno-electron microscopic study using the anti-FLAG M5 monoclonal antibody reveals that immu- 
nogold labels are associated with radially arranged filaments which form aggregates in a C0S7 cell (a). The aggregates 
10 are formed infrequently in the nucleus but frequently in the perinuclear cytoplasm, and are composed of straight or 
slightly curved filaments approximately 10-12 nm in diameter (b, c). Penetration of the nuclear membrane by the ag- 
gregate-forming filaments was observed(c). Some of apoptotic bodies are engulfed by a neighboring cell (d). Scale 
bars = 200 nm {a), 1 m (£»), 400 nm (c) and 2 m (d). 

[0015] Fig. 6 shows intranuclear inclusions in dentate nucleus of DRPLA cerebellum. Neuronal intranuclear inclu- 
)5 sions in the cerebellar dentate nuclei of DRPLA patients were stained by an anti-DRPLA protein polyclonal antibody 
raised against residues 172-253 of DRPLA protein (a). The inclusions were also stained by an anti-ubiquitin antibody 
(b). Electron microscopic observation (c). Scale bars= 1 m (a, b, c). The intranuclear inclusions are indicated by arrow 
heads. 

[0016] Fig. 7 shows effect of cystamine on the aggregate formation and apoptotic cell death of GOS7 cells transfected 
20 with pEF-B0S-Qg2-1 9. COS7 celts transfected with pEOFP-FQ^g-l 9 or pEGFP-FQa2-1 9 were cultured in the presence 
or absence of 1 mM cystamine for 60 hours, and observed for the aggregate formation and nuclear fragmentation as 
detected by staining with Hoechst 33342. The pictures show cells transfected with pEGFP-FQ.|9-19 in the absence (a) 
or presence (b) of 1 mM cystamine, and celts transfected with pEGFP-Q32-"l 9 in the absence (c) or presence (d) of 1 
mM cystamine. (e) Effect of cystamine on the level of formation of aggregate bodies and nuclear fragmentation in 
25 COS? cells transfected with pEGFP-Qe2-1 9- (0 Effect of cystamine on the level of nuclear fragmentation of COS7 cells 
transfected with pEGFP-Q82-19. The values are expressed as the mean ± SEM (n=5). 

[0017] Fig. 8 shows effects of cystamine and monodansyl cadaverine (MDC) on the aggregate formation and apop- 
totic celt death of COS7 cells transfected with pEGFP-Qe2-19. COS7 cells transfected with pEGFP-Q82-19 were cul- 
tured in various concentrations of cystamine (a, c) or MDC (b, d), and assayed for aggregate formation (a, b) and for 
30 nuclear fragmentation (c, d). The values are expressed as mean ±SEM (n=5). 

[0018] This invention wilt be depicted in more detail by the following embodiments, but it is not to be considered that 
the range of this invention is limited by toltowing embodiments. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

35 

EXAMPLE 1 

[0019] Aggregate fomnation and induction of apoptotic cell death by truncated DRPLA protein including expanded 
poluglutamine stretches. 

40 [0020] To investigate whether the full-length or truncated DRPLA mutant proteins exhibit structural abnormalities 
such as aggregate formation, or exhibit cytotoxicities, the inventors generated various deletion mutants of full-length 
wild-type (coding for 19 glutamines) and mutant (coding for 82 glutamines) DRPLA cDN As (Fig. 1). Plasm ids containing 
these cDNAs were constructed as below. 

[0021] A full-length human DRPLA cDNA containing a GAG repeat of normal length (15 GAG repeats) (pDRPLAN) 
45 was constructed by ligating partial DRPLA cDN A clones (F1 and F15-20)is intoapBluescriptSK(-) vector. A full-length 
human DRPLA cDNA containing an expanded GAG repeat (78 GAG repeats) (pDRPLAE) was constructed by replacing 
the 963-bp £coT22l-Spil segment of pDRPLAN with the corresponding HcoT22l-Sp/l segment of a cosmid DRPLA 
genomic clone which was isolated from a genomic cosmid library constructed from genomic DMA of a patient with 
DRPLA. After the No1\'Bbs\ fragment of pDRPLAN, pDRPLAE or pDRPLA was removed, an oligonucleotide adapter 
50 containing the sequences for a A/ofl site, methionine, the FLAG tag and a Bbs\ site 

(5'<K:GCK:CGCTCIAGAGCCGCCACCArCK}ACrAC- 
AAAGACGATGACGACAAGATGAAGACAC-S') 

was ligated into a pBIuescript SK(-) vector (pSK-AFN and pSK-AFE). The Noti-Sah fragment of pSK-AFN or pSK-AFE 
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containing the segment coding for the translation initiation methionine, the FLAG tag and the entire DRPLA cDNA was 
subcloned into a mammalian expression vector, pEF-BOS^® (pEF-BOS-AFN and pEF-BOS-AFE). Since there is a 
sequence of 5'-CAG-CAA-CAG-CAA upstream of the CAG repeat of the DRPLA cDNA (this segment is not included 
as the number of CAG repeats), pEF-BOS-AFN and pEF-BOS-AFE code for 19 and 82 glutamines, respectively. 
5 [0022] Deletion mutants containing an expanded GAG repeat and a downstream segment of various lengths were 
constructed. A segment containing 21 bp upstream of the CAG repeat, the CAG repeat and the 305 bp fragment 
downstream of the CAG repeat of pDRPLAN were first amplified by PCR using a primer 

^0 (S'-GGCGGCCGCrCTAGAGCCGCCACCATG- 

GACTACAAAGACGArGACGACAAGCArCACCACCAGCAACAGCAA-3') 

^5 containing the sequences for the FLAG tag and a A/ofl linker, and a primer with the sequence 5'-ACCGGTGGGAAAG- 
GGTAGGGC-3. The PCR products were digested with Wofl and Nat\, and then subcloned into pDRPLAE from which 
the corresponding A/ofl-A/aH fragment had been removed (pBFE). Deletions of the segment downstream of the CAG 
repeat were generated either by Exolll/Mung Bean nuclease digestion of pBFE, or by PCR using pDRPLAE as the 
template. The deleted DNA segments were subcloned into the pEF-BOS expression vector along with a multi-stop 

20 linker at the 3' end. The resultant plasmids, pEF-BOS-FQ82-447. pEF-BOS-FQ82-376, pEF-BOS-FQ82-174, pEF-BOS- 
FQ82-129, pEF-BOS-FQ82-101, pEF-BOS-FQ82-40 and pEF-BOS-FQ82-19, contain DNA segments coding for 3 his- 
tidines, 82 glutamines and various lengths of amino acids downstream of the poiyglutamine stretch (447, 376, 174, 
1 29, 1 01 , 40 and 1 9 amino acids, respectively). Deletion mutants coding for 1 9 glutamines were also generated using 
similar methods. 

25 [0023] Deletion mutants containing CAG repeats and the upstream segment of various lengths were constructed. 
DNA segments containing an expanded CAG repeat and upstream segments of various lengths were obtained by PCR 
using one of the following sense primers: 

30 (AlFLAG, 5'- 

GGCGGCCGCrCTAGAGCCGCCACOffGGACrACAAAGACGAr- 
GACXjACAAGATGAAGACACGACAGAATAAA-S'; 

3S 

CIFLAG, 5'-GGCGGCCGCTCr- 

AGAGCCGCCACCArGGACrACAAAGACGATGACGACAAGCCrCGACA 

40 

GCCA- GAGGCrAGC-3*; 

or 

45 

C2FLAG, 5'<K3CGGCCGCrCrAGAGCCGCCACCArGGA. 
CTACAAAGACGATGACGACAAGCCACTACCTGGTCATCTGCCC-S 

and an anti-sense primer (E8R: 5-GGGTCGACTTATCAGCCCTCCAGTGGGTGGGGAAT-3'). The PCR products were 
digested by WofI and Sa^, and subcloned into the pEF-BOS expression vector. The resultant plasmids, pEF-BOS- 
55 F483-Q82. pEF-BOS-F322-Qg2 and pEF-BOS-Fl 74-Q82 contain the segments coding for the FLAG tag, 82 glutamines, 
19 amino acids downstream of the poiyglutamine stretch and upstream segments with 483, 322 and 174 amino acids 
upstream of the poiyglutamine stretch, respectively. 

[0024] The COS7 cells were transfected with plasmid thus constructed. COS7 cells were seeded in Dulbecco's mod- 
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ified Eagle's medium (DMEM) containing 10% fetal calf serum the day before transfection at 3X10^ per well of an 
8-well chamber slide (Nunc Inc., Naperville, IL). The COS7 cells were transf acted with 0.5 |ig of plasmid DNA using 
the SuperFect transfection reagent (Qiagen, Hilden, Germany) according to the manufacturer's instructions. 
[0025] On the cells transfected with plasmid DNA, expression patterns of various DRPLA proteins described above 

5 were analyzed using anti-FLAG M5 monoclonal antibody 72 hours after transfection and the extent of apoptotic cell 
death was examined. Cells were fixed for 30 minutes in 4% paraformaldehyde in 0.1 M phosphate-buffered saline 
(PBS), permeabilized with PBS containing 0.02% Triton X-100, and incubated in 10% normal goat serum in PBS tor 
30 min at room temperature (RT), Cells were then incubated with an anti-FLAG M5 monoclonal antibody (Eastman 
Kodak, New Heaven, CT) with a 1:500 dilution for 2 hours at RT, followed by a 1 hour-incubation with rhodamine- 

10 conjugated anti-mouse IgG (Dako, Gtostrup, Denmark) and observed by fluorescence microscopy. 

[0026] Immunostaining using 3,3'-diaminobenzidine tetrahydrochrolide was also carried out using the avidin-biotin 
peroxidase complex (ABC) method. The cells were counter-stained with hematoxylin and examined by light microscopy. 
[0027] Cells transfected with pEF-BOS-AFN ecoding the full-length DRPLA protein containing a polyglutamine 
stretch of normal length (19 glutamines) expressed DRPLA protein diffusely in the cytoplasm with a homogenous or 

IS fine granular pattern (Fig. 2b), while mock-transfected cells were not stained by the antibody (Fig. 2a). Cells transfected 
with pEF-BOS-AFE coding for the full-length DRPLA protein with an expanded polyglutamine stretch (82 glutamines) 
(Fig. 2c) or cells transfected with pEF-BOS- FQ^g-IQ coding for a truncated DRPLA protein containing mostly the 
polyglutamine stretch of normal length (19 glutamines) (Fig. 2d} also showed similar expression patterns to those of 
cells transfected with pEF-BOS-AFN (Fig. 2b). Cells transfected with pEF-BOS-FQe2-1 9 coding for a truncated protein 

20 containing mostly the expanded polyglutamine stretch (82 glutamines), however, showed distinct aggregate bodies 
mainly in the perinuclear cytoplasmic areas (Fig. 29, f). These aggregate bodies were immunopositive for ubiquitin in 
some population, but negative for vtmentin or Congo red stain. With time, cells with these aggregate bodies became 
shrunken, and stained positively in the TUNEL (terminal deoxynucleotidyl-transferase-mediated dUTP-biotinnick end- 
labeling) assay (Fig. 2g). These TUNEL-positive cells were obsen/ed frequently 72 hours after transfection (52 % of 

25 the cells with aggregate bodies). On the other hand, apoptotic cells were not obsen/ed in cells transfected with pEF- 
BOS-AFN, pEF-BOS-AFE or pEF-BOS-FQig-IQ (Fig. 2y). 

[0028] To investigate whether full-length mutant DRPLA protein with the expanded polyglutamine stretch is incorpo- 
rated into the aggregate bodies in the presence of aggregate bodies of truncated mutant proteins, another plasmid 
construct (pEGFP-Qe2-19) coding for the truncated mutant protein mostly containing the expanded polyglutamine 
30 stretch fused with GFP (green fluorescence protein) was made. 

[0029] Incorporation of the full-length mutant FLAG-tagged DRPLA protein into the aggregate bodies was clearly 
demonstrated in cells co-transfected with pEF-BOS-AFE and pEGFP-Qgg-l 9 (Fig. 2h, i). Such aggregation was never 
observed when the cells were transfected with pEF-BOS-AFE alone (Fig. 2c). 

[0030] To determine whether the fomnation of aggregate bodies is dependent on the lengths of the mutant proteins, 
55 the inventors generated various deletion mutants of the full-length wild-type and mutant DRPLA cDNAs (Fig. 1). Ag- 
gregate formation was observed at high frequencies (71-88 %) in the cells expressing the truncated DRPLA proteins 
containing the polyglutamine stretch and the downstream region with 1 29 or fewer amino acids (FC^2'"' 29, FQgg-l 0 1 , 
FQ02-4O or FQ82-19) (Fig. 35). Although the frequencies were low, aggregate formation was also obsen/ed in cells 
expressing various lengths of the upstream regions and the expanded polyglutamine stretch (F483-Qg2, F322-Q32 or 
^0 F1 74-Q32) (Fig. 3a). The percentages of cells stained in the TUNEL reaction were high for cells transfected with pEF- 
BOS-FQq2-1 29, pEF-BOS-FQ82-101, pEF-BOS-FQe2-40 orpEF-BOS-FQQ2-19. Ascells formed aggregate bodies ex- 
hibited apoptotic cell death detected by TUNEL reaction, it was indicated strongly that formation of the aggregate 
bodies cause apoptotic cell death. 

45 EXAMPLE 2 

Time-dependent formation of aggregate bodies. 

[0031] Time-dependent formation of aggregate bodies was examined. Immunohistochemicat analysis was performed 
50 as described in EXAMPLE 1. Formation of the aggregate bodies was obsen/ed in 53% of the cells expressing the 
FLAG epitope at 24 hours after transfection with pEF-BOS-FQ82-1 9 (Fig. 4a, d). The percentage of cells exhibiting 
aggregate bodies increased to 65% (Fig. Ab, d) and to 89% (Fig. Ac, d) at 48 and 72 hours after the transfection, 
respectively. The frequency of TUNEL-positive cells was only 1% at 24 hours after transfection, but was increased to 
9% and 52 % at 48 and 72 hours after transfection, respectively (Fig. Ad). 

55 
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EXAMPLE 3 

Analysis on the detailed structures of aggregate bodies. 

5 [0032] For the further analysis on the detailed structures of the aggregate bodies, the inventors observed the cells 
transfected with pEF-BOS-FQ82-19 by electron microscopy. Cells were fixed with 4% paraformaldeheide-0.1% glutar- 
aldehyde in 0.1 M phosphate buffer, pH 7.4, for 15 nnin at RT. The cells were then dehydrated in a graded dinnethylfor- 
mamide series and embedded in LR White resin (London Resin Company, Berkshire, England). Ultralhin sections were 
cut and mounted on nickel grids. After incubation with 1 0% normal goat serum in PBS for 1 0 minutes at RT, the sections 

10 were incubated overnight at 4°C with a mouse anti-FLAG M5 monoclonal antibody at a dilution of 1 :4000. After washing 
with PBS. the sections were incubated with goat anti-mouse IgG conjugated to 1 0-nm gold (British BioCell International, 
Cardiff, UK; 1 :30 dilution) for 30 min at RT. The sections were then washed with PBS and incubated in 2% glutaraldehyde 
in 0.1 M cacodylate buffer, pH 7.4. After washing with distilled water the sections were stained with uranyl acetate and 
lead citrate, and examined with a Hitachi H-7100 electron microscope. 

15 [0033] I mm u no-electron microscopic observation revealed that the aggregate bodies consist of fibrous aggregations 
mainly in perinuclear cytoplasmic areas (Fig. 5a, b). The fibrous aggregations consist of radially oriented straight or 
slightly curved unbranched filaments approximately 10-1 2 nm in diameter (Fig. 5b, c). No specific cell organella were 
found in the aggregates. These aggregate bodies were observed not only in the perinuclear areas in the cytoplasm 
but also occasionally in the nucleus (Fig. 5b, c). Non-aggregated filaments with morphology similar to those of the 

20 aggregates were also scattered in the nuclei as well as in the cytoplasm. Penetration of the nuclear membrane by 
filaments of the aggregates, some of which were present via the nuclear pores, was often found in these cells (Fig. 
5c). These filamentous structures were observed only in cells transfected with pEF-BOS-FQq2-19. but not in cells 
transfected with pEF-BOS-AFN, pEF-BOS-AFE or pEF-BOS-FQi9-19. With culture time after transfection, many ap- 
optotic bodies containing the aggregates were encountered (Fig. 5d). 

25 

EXAMPLE 4 

Detection of intranuclear inclusions in cerebellar dentate nucleus of DRPLA patients. 

30 [0034] To investigate if similar aggregates were present in the brains of DRPLA patients, the inventors performed 
immunohistochemical analysis of the dentate nucleus in the cerebellum of DRPLA patients (n = 5) and controls (n = 
5) using an anti-DRPLA protein polyclonal antibody. The autopsied brains were fixed with phosphate-buffered 4% 
paraformaldehyde and embedded in paraffin for histological examination. Immunostaining was performed using a rabbit 
anti-ubiquitin antibody (Dakopatts: 1:200 dilution) or a rabbit anti-DRPLA protein plyclonal antibody (1:300 dilution), 

35 which was generated against a GST-fusion protein containing amino acid residues 172-253 of DRPLA protein and 
affinity-purified using an Affigel-10 column (Bio-Rad) conjugated with the GST-fusion protein. Presence of intranuclear 
inclusions, which were stained with the anti-DRPLA protein antibody (Fig. 6a) as well as with an anti-ubiquitin antibody 
(Fig. Sb), was confirmed in all the 5 DRPLA patients. Such inclusions were never observed in the controls. 
[0035] The intranuclear inclusions were examined by electron microscope. Cells were fixed with 3% glutaraldehyde- 

40 1% paraformaldeheide in 0.1 M phosphate buffer, pH 7.4, post-fixed in 1% osmium tetroxide, dehydrated in a graded 
ethanol series and embedded in Epon 81 2. Ultrathin sections were cut and stained with uranyl acetate and lead citrate, 
and examined with a Hitachi H-710D electron microscope. Electron microscopic study revealed that the intranuclear 
inclusions were composed of fine granular and occasionally filamentous structures (Fig. 6c). These results indicate 
the possibility that formation of intranuclear inclusions play a important role at onset of neurodegenerative diseases. 

45 

EXAMPLE 5 

Suppression of aggregate formation and apoptotic cell death by transglutaminase inhibitors. 

so [0036] To investigate whether the transglutaminase reaction is involved in the formation of aggregate bodies and the 
induction of apoptotic cell death, the inventors cultured COS7 cells in the presence of transglutaminase inhibitors 
(cystamine^s, monodansyl cadaverine (MDC)29 and putrescine^O), after transfection. For this purpose, truncated DR- 
PLA proteins were expressed as fusion proteins with green fluorescence protein (GFP), which allowed the highly sen- 
sitive observation of viable cells. The inserts of pEF-BOS-FQ82-1 9 arid pEF-BOS-FQ^g-l 9 were transferred into pEGFP 

55 containing the coding region for GFP. The resultant plasmid DMAs (pEGFP-FQ82-1 9 and pEGFP-FQtq-I 9) were trans- 
fected into COS7 cells. The plasmid DNA was constructed as below. The segment coding for 3 histidines, the poly- 
glutamine stretch and 1 9 amino acids downstream of the polyglutamine stretch of DRPLA cDNA (pDRPLAE or pDR- 
PLAN) was amplified by PCR using a primer (5'-GGGAATTCGGATGCACCAT-CACCACCAGCAACAGCAACAG-3') 
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containing an EcoRi linker sequence and a primer {5'-GTGGATCCCCGCCCTCCAGTGGGTGGGGAAATGCT-3'). 
PGR products were digested with EcoRl, and BamH\, and subcloned into the pEGFP-NI expression vector (Clontech, 
Palo Alto, CA). The nucleotide sequences of all the constructs were confirmed using automated DNA sequencers (RE 
Applied Biosystems, Foster City, CA). 

[0037] Cells transfected with pEGFP-Q-,9-1 9 expressed the GFP fusion protein diffusely in the cytoplasm (Fig. 7a), 
while cells transfected with pEGFP-Q82-1 9 exhibited formation of aggregate bodies (Fig. 7c), similarly to those trans- 
fected with pEF-BOS-FQig-f 9 and pEF-BOS-FQgg-l 9, respectively Cystamine did not change the expression patterns 
of the fusion protein in the pEGFP-Qig-19-transfect6d cells (Fig. 7b). When the cells transfected with pEGFP-Q82'''9 
were cultured for 60 hours in 1 mM cystamine, however, formation of aggregate bodies was significantly suppressed 
from 42 % to 33 % (P < 0.01) (Fig. 7c, d, e). Nuclear fragmentation was also suppressed from 38 % to 24 % in the 
presence of 1 mM cystamine (P < 0.05) (Fig. 7f). Simitar results were observed at 24 and 48 hours after transfection 
(Fig. 7e, f). On the other hand, the frequency of cells retaining a diffuse cytoplasmic expression pattern without aggre- 
gate formation was increased from 32% (absence of cystamine) to 56% (1 mM cystamine) at 60 hours after transfection 
(P< 0.01 ). The suppression of aggregate bodies and nuclear fragmentation was observed even at 100 M of cystamine 
and the suppression effects appeared in a dose-dependent manner (Fig. 8a, c). 

[0038] The effects of other transglutaminase inhibitor (MDC) on the aggregate formation and apoptotic cell death 
were also investigated. The TUN EL assay was performed using an In Situ Cell Death Detection Kit (Boehringer Man- 
nheim, Mannheim, Germany) according to the manufacturer's instructions. FITC-conjugated dUTP was used for the 
terminal deoxynucleotidyl transferase reaction. An assay for nuclear fragmentation was performed by staining cells 
with 5 M Hoechst 33342. Quantitation was performed by analyzing 100 cells expressing the FLAG epitope. Statistical 
analyses were performed using Student's t test. 

[0039] Strong suppression of nuclear fragmentation by MDC was observed in a dose dependent manner (Fig. &d). 
There were no significant changes in the frequencies of the cells with aggregate formation (Fig. Bb), although the sizes 
of the aggregate bodies were smaller when the transfected cells were cultured in the presence of MDC compared to 
those observed in the absence of MDC. 
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Claims 

1. A remedy for a CAG repeat expansion disease containing a transglutaminase inhibitor as its active ingredient. 

55 

2. The remedy as described in claim 1 , wherein the tmasglutaminase inhibitor is selected from a group consisting of 
cyctamine and monodansyl cadaverine. 
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The remedy as claimed in claim 1 wherein the CAG repeat expansion disease is selected from a group consisting 
o1: spinal and bulbar muscular atrophy, Huntington disease, spinocerebellar ataxia typel, dentatorubral-pallidoluy- 
sian atrophy, Machado-Joseph disease, spinocerebellar ataxia 2, spinocerebellar ataxia 6 and spinocerebellar 
ataxia 7. \ 

The remedy as claimed in claim 2 wherein the CAG repeat expansion disease is selected from a group consisting 
of: spinal and bulbar muscular atrophy, Huntington disease, spinocerebellar ataxia typel, dentatorubral-pallidoluy- 
sian atrophy. Machado-Joseph disease, spinocerebellar ataxia 2.. spinocerebellar ataxia 6 and spinocerebellar 
ataxia 7. 

A pharmaceutical composition for treating a CAG repeat expansion disease: comprising 

a transglutaminase inhibitor as its active ingredient, and a pharmaceutically accepted ingredients for fomnulation. 

The pharmaceutical composition as described in claim 5, wherein the transglutaminase inhibitor is selected from 
a group consisting of cyctamine and monodansyl cadaverine. 

The pharmaceutical composition as claimed in claim 5 wherein the CAG repeat expansion disease is selected 
from a group consisting of: spinal and bulbar muscular atrophy Huntington disease, spinocerebellar ataxia typel 
dentatorubral-pallidoluysian atrophy, Machado-Joseph disease, spinocerebellar ataxia 2, spinocerebellar ataxia 
6 and spinocerebellar ataxia 7. 

The use of a transglutaminase inhibitor for manufacturing a pharmaceutical composition for treating a CAG repeat 
expansion disease. 

The use as claimed in claim 8 wherein the transglutaminase inhibitor is selected from a group consisting of 
cystamine and monodansyl cadaverine. 
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